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(57) ABSTRACT 
A method, device, and computer program product for captur 
ing projection images of an object. A beam source is moved 
by a control unit on a path into a plurality of positions, in 
which a beam is transmitted. A beam detector is moved by the 
control unit into a plurality of positions, in which the beam, 
penetrating the object, is detected. The beam source and/or 
the beam detector are moved on a calculated path around the 
object, at a constant distance between the beam source and the 
beam detector or the object. The path is described by an nth 
degree polynomial and determined by the control unit 
through an optimization of a path along the central beam. The 
polynomial is selected Such that a safety clearance with 
respect to the object is maintained and a distance between the 
beam detector and the object is minimized. 

  



Patent Application Publication Sep. 24, 2015 Sheet 1 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 2 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 3 of 11 US 2015/0265231 A1 

is o s: 

si{ is: 

  



Patent Application Publication Sep. 24, 2015 Sheet 4 of 11 US 2015/0265231 A1 

13 

  

  



Patent Application Publication Sep. 24, 2015 Sheet 5 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 6 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 7 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 8 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 9 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 10 of 11 US 2015/0265231 A1 

  



Patent Application Publication Sep. 24, 2015 Sheet 11 of 11 US 2015/0265231 A1 

  



US 2015/0265231 A1 

METHOD, DEVICE, AND COMPUTER 
PROGRAMI PRODUCT FOR CAPTURING 
PROJECTION IMAGES WITH OPTIMIZED 

MOVEMENT PATH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a national phase application of 
PCT Application No. PCT/EP2013/069928, internationally 
filed Sep. 25, 2013, which claims priority to German Appli 
cation No. 10 2012 217 490.7, filed Sep. 26, 2012, both of 
which are herein incorporated by reference in their entirety. 

TECHNICAL FIELD 

0002 The present disclosure relates to capturing projec 
tion images and, in particular, to a method, device, and com 
puter program product for capturing projection images with 
an optimised movement path. 

BACKGROUND 

0003. Different imaging methods are used for the three 
dimensional representation of individual objects, such as 
individual body regions for example. One possible method is 
cone-beam Volume tomography, with which individual, two 
dimensional X-ray projections of the body region to be 
imaged are recorded from different directions and a compu 
tation of a three-dimensional representation is Subsequently 
effected. An X-ray source and an X-ray detector move around 
the object to be imaged, for picture recording. A picture 
recording path of the X-ray source and the X-ray detector 
around the object to be imaged, for example a patient, and 
which is hereby applied, essentially determines the achiev 
able, three-dimensional picture quality of cone-beam Volume 
tomography. 
0004. A so-called completeness condition was formulated 
by Heang K. Tuy (H. Tuy, “An inversion formula for cone 
beam reconstruction”, SIAM Journal of Applied Mathemat 
ics Vol. 43, no. 3, pp. 546-552, 1983.), for an exact recon 
struction of a Volume region. This states that a Volume can be 
reconstructed in an exact manner if all planes which run 
through the Volume also intersect the picture recording path 
or movement path of the X-ray source at least once. Such a 
movement path however is difficult to implement, above all 
with an intra-operative application of cone-beam Volume 
tomography in the operating theatre. In this case, a guarantee 
of sterility and a free access to the patient are necessary, apart 
from a high three-dimensional picture quality, i.e. the patient, 
as the object to imaged, should not be completely enclosed by 
a device which is used for imaging or by the picture recording 
path. 
0005. Apparatus known from the state of the art use a 
circular movement of the X-ray detector and of the X-ray 
source around the patient with an additional linear forwards 
movement (so that e.g. a spiral path results) or with an addi 
tional inclination. Such a device is e.g. known from the patent 
document U.S. Pat. No. 6,504,892 B1. A further possibility is 
to provide a simple circular path or orbit around the patient, 
with which the patient, although not being completely 
enclosed, the reconstruction of the scanned Volume exclu 
sively in a central plane is however complete. The volume 
outside this central plane cannot be reconstructed in an exact 
manner. Further solution possibilities comprise saddle-like 
movement paths which are also called sweep/wobble trajec 

Sep. 24, 2015 

tories, or also the use of several individual orbits of the X-ray 
Source about the target region, e.g. two circular paths running 
parallel to one another. 

SUMMARY 

0006. This disclosure provides a method and a device, 
with which the mentioned disadvantages are avoided, with 
which a high three-dimensional picture quality with a free 
access to the object to be imaged is achieved. 
0007. The described method, the described device and/or 
the described computer program product can be applied in 
medical applications, such as with intra-operative applica 
tions, for example with cone-beam Volume tomography. 
Medical fields of application include accident Surgery, oral 
Surgery, orthodontics, facial Surgery, orthopaedics, neurol 
ogy, urology, cardiology or emergency scans in the case of a 
polytrauma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 Embodiments of the disclosure are represented in 
the drawings and are hereinafter explained by way of the 
FIGS 1-12. 

0009. There are shown in: 
0010 FIG. 1 a perspective view of a device for recording 
X-ray pictures, according to embodiments described in the 
disclosure; 
0011 FIG. 2 a sectioned representation of an operating 
table with a movement path of an X-ray source and with a 
movement path of an X-ray detector, according to embodi 
ments described in the disclosure; 
0012 FIG. 3 a view of the movement paths of the X-ray 
source and of the X-ray detector, which are shown in FIG. 2, 
in a reference coordinate system, according to embodiments 
described in the disclosure; 
0013 FIG. 4 a representation of the movement paths of the 
X-ray source and of the X-ray detector, said representation 
corresponding to FIG.3, with a constant distance between the 
X-ray source and the X-ray detector, according to embodi 
ments described in the disclosure; 
0014 FIG. 5 a representation of the movement paths rep 
resented in FIG. 4, in a manner corresponding to FIG. 2, 
according to embodiments described in the disclosure; 
0015 FIG. 6 a perspective representation of the operating 
table with the movement paths of the X-ray source and the 
X-ray detector, according to embodiments described in the 
disclosure; 
0016 FIG. 7 a representation of the device with the move 
ment paths, in a manner corresponding to FIG.1, according to 
embodiments described in the disclosure; 
0017 FIG. 8 a representation of embodiments of the 
movement paths with reversal points, in a manner corre 
sponding to FIG. 2, according to embodiments described in 
the disclosure; 
(0018 FIG. 9a lateral view of the operating table with the 
movement paths which are represented in FIG. 8, according 
to embodiments described in the disclosure; 
0019 FIG. 10 a lateral view of the device with the move 
ment paths represented in FIGS. 8 and 9, according to 
embodiments described in the disclosure; 
0020 FIG. 11 a sectioned representation of the operating 
table with safety distances drawn in, according to embodi 
ments described in the disclosure; 
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0021 FIG. 12 a view of the operating table corresponding 
to FIG. 2, with embodiments of an initial movement path of 
the X-ray detector, according to embodiments described in 
the disclosure. 

DETAILED DESCRIPTION 

0022. A method according to the disclosure for recording 
projection pictures of an object to be imaged makes use of an 
imaging device which comprises a beam source, a beam 
detector and a control unit. The beam source by way of the 
control unit is moved on apath into several positions, in which 
a beam departing from the beam source in a cone-beam-like 
manner around a central beam is emitted in each case, 
wherein on moving the beam source, the beam detector is 
likewise moved by the control unit into several positions, in 
which in each case the beam departing from the beam source 
and penetrating the object to be imaged is captured for record 
ing the projection picture. The beam source and/or the beam 
detector are moved in each case about the object to be imaged, 
on a path which is described by a polynomial of nth degree, 
computed by the control unit by way of an optimisation of a 
predefined path and has a constant distance between the beam 
Source and the beam detector, determined along a central 
beam, and/or a constant distance between the beam source 
and the object to be imaged, determined along the central 
beam. Hereby, the polynomial in each case is selected in a 
manner Such that a safety distance to the object to be imaged 
is kept and simultaneously a distance between the beam 
detector and the object to be imaged is minimised. A polyno 
mial of the “nth” degree is thereby to be understood as any 
integer polynomial, thus “n” a natural number. 
0023. On account of the polynomial movement path of the 
beam detector, this during a picture recording is closer to the 
object to be imaged than with methods applied until now, by 
which means the Volume which can be imaged on the projec 
tion pictures is enlarged. The polynomial path is hereby com 
puted by the control unit. The completeness condition of Tuy 
is fulfilled by way of this method, at least for a target volume 
in the centre of the path and thus a qualitatively good, exact, 
three-dimensional reconstruction of the object to be imaged 
can be effected in a further step. The use of the polynomial 
movement path permits an optimisation of the movement 
path in a wide range, whilst taking the conditions of the 
Surroundings into account. A computation of the movement 
path is simplified, and the maintenance of the safety distance 
is simultaneously ensured by way of the constant distance 
between the beam source and the object to be imaged or 
between the beam source and the beam detector. A volume 
region which fulfils the completeness condition is larger with 
the method suggested here, compared to the known methods 
from the state of the art, so that a larger Volume can also be 
reconstructed in an exact manner. The safety distance which 
is to be maintained between the beam detector and/or the 
beam source and the object to be imaged can be constant for 
the complete movement, but alternatively can also have a 
previously defined value for each point of the movement, 
wherein this value is differently large for different points. 
Thus a defined distance can always be maintained and colli 
sions avoided. A minimisation of the distance between the 
beam detector and the object to be imaged is to be understood 
in that the distance lies as close as possible to the safety 
distance, thus an as Small as possible distance between the 
beam detector and the object is present. 
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0024. In some embodiments, the displacement of the 
beam source and the displacement of the beam detector are 
effected simultaneously. In some embodiments, the beam 
Source and the beam detector are moved in a temporally 
staggered manner The simultaneous displacement permits a 
quick implementation of the method, whereas a moving of the 
apparatus one after the other provides the possibility of still 
being able to carry out modifications on the object to be 
imaged, with which one of the apparatus in the aimed end 
condition would render an access more difficult. 
0025. The object to be imaged can be placed on a rest 
Surface for the improved and secure holding, wherein in this 
case a safety distance to the rest Surface is maintained addi 
tionally or alternatively to the safety distance to the object to 
be imaged, by way of the polynomial path. In some embodi 
ments, the rest Surface is a table and, in some embodiments, a 
table in an operating theatre, but it can also encompass a 
further equipping of the operating theatre. 
0026. In some embodiments, the polynomial movement 
path describes a movement path with respect to a centre of a 
picture plane of the beam detector. A condition for the setting 
of the safety distance thereby can be that the beam detector 
and/or the beam source, such as a Surface of a housing of the 
mentioned apparatus, is distanced, in some embodiments at 
least 80 mm, in some embodiments at least 100 mm, and in 
some embodiments at least 120 mm from the object to be 
imaged and/or the rest Surface, at each position of the move 
ment path of the beam source. The safety distance can of 
course also be selected smaller than 80 mm. 
0027. A further condition can lie in a maximal distance 
between the beam source and/or the beam detector and the 
object to be imaged and/or a possible working region taking 
kinematics of the beam source and/or of the beam detector 
into account, i.e. this maximal distance not being permitted to 
be exceeded on moving the beam source or the beam detector. 
0028. The distances in each case can be measured from a 
middle point of the respective object to a further middle point 
of another object, from a surface of the object to a further 
surface of a further object or from the middle point of the 
object to the further surface of the further object. 
0029. The polynomial in each case can be defined by at 
least two grid points, which can be specified externally or 
specified, and determined by way of an optimisation whilst 
taking into account the grid points and/or by way of an opti 
misation of a predefined circular path. On optimising several 
paths, each of the polynomials or also only a single one can be 
optimised by way of at least two grid points in the previously 
described manner. The optimisation can thereby be effected 
in a direct manner by way of the already described conditions 
and/or via the predefined grid points with a Subsequent check 
ing of a polynomial course. 
0030 Polynomials with exclusively even powers or poly 
nomials with exclusively odd powers can be used as polyno 
mials. Of course, polynomials with even as well as odd pow 
ers are also possible. Thus an optimisation of the polynomial 
path can be simplified according to the application purpose. 
0031. An origin of a reference coordinate system, in which 
the movement path is fixed and optimised, can be located in 
the middle point of the object to be imaged or centrally on the 
rest surface. A fixed point which is simple to determine can be 
set by way of this, for the simplified computation. 
0032. In as much as one assumes a circular path with the 
movement path of the beam source, this circular path can be 
optimised by way of the polynomial by way of the already 
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described conditions. Instead of a circular path, a path of 
path-pieces which are linear in sections can also be approxi 
mated and/or optimised via the polynomial of the nth degree 
and thus form the computed path, on which the beam source 
or the beam detector are displaced. 
0033. In some embodiments, the beam source and the 
beam detector are guided in a manner lying opposite one 
another and the central beam hits the beam detector in an 
orthogonal manner A three-dimensional reconstruction is 
simplified by way of this. In some embodiments, the central 
beam does not hit the beam detector orthogonally, but at an 
angle different from 90°. The movement of the beam source 
can be effected separately from the movement of the beam 
detector, in order to ensure an as free as possible setting of the 
moVementS. 

0034. In some embodiments, the maximal height of the 
path of the beam detectoris determined by a maximal opening 
angle of the path of the beam source which is determined 
starting from the middle point of the object to be imaged. The 
maximal height can be used for setting a starting point, an end 
point and/or a reversal point of the path of the beam source 
and/or of the path of the beam detector. Thus individual points 
of the movement path are defined at least up to a certain 
degree by way of specifications inherent of the construction 
type. The starting point and the end point of the path of the 
beam detector preferably lie opposite the starting point and 
the end point of the path of the beam source along the central 
beam running through the middle point of the object to be 
imaged. The opening angle hereby describes the angle which 
runs between two beams which lie in a plane and which, 
departing from the middle point of the object to be imaged, as 
a common initial point, run to the starting point and to the end 
point of the path of the beam detector. In some embodiments, 
the reversal point of the path of the beam detector lies oppo 
site the reversal point of the path of the beam source. A 
geometrically particularly simple form of an assignment is 
selected by way of this. 
0035. The maximal height departing from the middle 
point of the object to be imaged as a scanning centre with 
respect to the rest surface or with respect to the reference 
coordinate system can be determined by way of two methods. 
0036. In a first method, the maximal height of the detector 

is set as end positions by way of a possible or necessary 
working region of the kinematics of the beam detector. Sub 
sequently, the maximal opening angle of the path of the beam 
Source is determined whilst taking into account the position 
of the scanning centre, by way of this height, in some embodi 
ments maximally 250 mm, and in Some embodiments maxi 
mally 150 mm, above the middle point of the object to be 
imaged or of an edge of the rest. The lower the height of the 
scanning centre and the higher the end positions of the beam 
detector, the larger is the maximal opening angle. 
0037. A maximal opening angle which is to be applied is 
defined in a second method. Intersection points of the central 
beam of the beam source departing from the starting point and 
the endpoint of the path of the beam source are subsequently 
determined These two intersection points define necessary 
maximal positions of the middle point of the detector and thus 
the necessary height of the path of the detector. Restrictions 
which simplify the optimisation can be defined by way of the 
mentioned methods. 

0038. The movement of the beam source and/or of the 
beam detector can be open, i.e. be effected on an open path. 
An open path is hereby to be understood as a path with which 
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the starting point and the endpoint of the path are different to 
one another and/or the path does not completely enclose the 
object to be imaged. A system construction for implementing 
the picture recording method which does not fully enclose the 
object to be imaged becomes possible by way of this. Thus an 
access to the object to be imaged is always ensured. Alterna 
tively, the movement of the beam source and/or of the beam 
detector can also run on a closed path with which the starting 
point and the end point correspond to one another. 
0039. The movement of the beam source and/or of the 
beam detector can alternatively or additionally comprise at 
least one reversal point, at which a direction change takes 
place. An increased quality of a three-dimensional recon 
struction is achieved by way of this. In some embodiments, a 
first path section up to the reversal point is spatially different 
from a second path section from the reversal point, so that 
several different positions can be covered. 
0040. In some embodiments, the beam detector and/or the 
beam source is moved along and/or about at least two axes 
which can be perpendicular to one another. An activation as 
well as a later possibly effected evaluation is considerably 
simplified by way of this simple geometric relation of the axes 
and thus of the movement. The movements about the two axes 
can also be of a different type, thus for example comprise a 
linear movement and a rotation movement. 
0041. In some embodiments, an inclination of the beam 
source is set such that a beamed surface of the beam detector 
is maximised at a fixed angle of the cone beam. A spatial 
extension of the cone beam is defined in dependence on the 
beam source by way of the fixed angle, so that a complete 
Surface of the beam detector is beamed for generating maxi 
mal information, by way of the inclination of the beam 
SOUC. 

0042. The control unit can carry out at least one of the 
movements of the beam source and/or of the beam detector in 
an automated manner, so that projections pictures are 
obtained without further human effort. In some embodi 
ments, both movements are carried out by the control unit in 
an automated manner Alternatively or additionally, an evalu 
ation unit can compute the three-dimensional reconstruction 
of the object to be imaged from the projection pictures. In 
Some embodiments, the control unit and the evaluation unit 
are combined into one apparatus, preferably into a computer. 
0043. In some embodiments, the beam source is an X-ray 
Source and an emitted beam is X-ray radiation as well as the 
beam detector an X-ray detector, preferably an X-ray flat 
detector. 
0044) A device for recording projection pictures com 
prises a beam detector, a beam source and a control unit, 
wherein the control unit is configured to move the beam 
detector and the beam source in each case into several posi 
tions and to record a projection picture in each of the posi 
tions. The beam source for this is configured to emit a beam 
(radiation) in a cone-beam-like manner about a central beam, 
and the beam detector is configured to capture the emitted 
beam penetrating through the object to be imaged. The con 
trol unit for this is designed to move the beam source and the 
beam detector in each case on a path about the object to be 
imaged, said path being described by a polynomial of the nth 
degree and being computed by the control unit by way of 
optimising a predefined path, wherein the computed path has 
a constant distance between the beam source and beam detec 
tor, said distance determined along a central beam, and/or a 
constant distance between the beam source and the object to 
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be imaged, said distance determined along the central beam, 
wherein the polynomial is selected in each case to maintain a 
safety distance to the object to be imaged and simultaneously 
to minimise a distance between the beam detector and the 
object to be imaged. The minimisation can be effected to the 
safety distance, so that the beam detector lies as close as 
possible to the object to be imaged. Thus the device serves for 
the simple recording of quality projection pictures, from 
which also high-quality three-dimensional reconstructions 
can be computed. 
0045. The device is suitable for carrying out the described 
method. 
0046. The device comprises the evaluation unit with the 
already described characteristics for computing the three 
dimensional reconstructions. 
0047 A computer program product comprises a command 
sequence which controls a device for recording projection 
pictures, comprising a beam detector, a beam source and a 
control unit, wherein the control unit is configured to move 
the beam detector and the beam source in each case into 
several positions and to a record a projection picture in each 
of the positions, the beam source is configured to emit a beam 
in a cone-beam-like manner about a central beam, and the 
beam detector is configured to detect the emitted radiation, 
said controlling of the device being such that the beam source 
and the beam detector in each case are moved on a path about 
the object to be imaged, said path being described by a poly 
nomial of the nth degree and being computed by the control 
unit by way of an optimisation of a predefined path, wherein 
the computed path has a constant distance between the beam 
Source and the beam detector, said distance determined along 
the central beam, and/or a constant distance between the 
beam source and the object to be imaged, said distance deter 
mined along the central beam. Hereby, the polynomial is 
selected in a manner so as to maintain a safety distance to the 
object to be imaged and to simultaneously minimise a dis 
tance between the beam detector and the object to be imaged. 
The minimisation can be effected to the safety distance, so 
that the beam detector lies as close as possible to the object to 
be imaged and the distance between the beam detector and the 
object to be imaged lies as close as possible to the safety 
distance. 
0048. The computer program product is also suitable for 
carrying out the described method. In some embodiments, the 
computer program product is applied for the control of the 
already described device. The implementation of the method 
and/or the activation of the device by way of the computer 
program product can be effected when the computer program 
product runs on a computation unit. 
0049. The computer program product can be loaded 
directly into an internal memory of the computation unit or 
already stored in this and sometimes comprises parts a pro 
gram code for carrying out the described method or for acti 
Vating the described device when the computer program 
product runs or is carried out in the computation unit. The 
computer program product can be stored on a machine-read 
able carrier, preferably a digital memory medium. The com 
puter program product can also comprise a computer program 
which has software means for carrying out the described 
method and/or for activating the described device when the 
computer program is carried out in an automisation system or 
on the computation unit. 
0050 FIG. 1 in a perspective view shows a device for 
recording X-ray pictures, which are firstly taken as two-di 
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mensional projection pictures and are Subsequently pro 
cessed further into three dimensional pictures. The device for 
this comprises an X-ray detector 1 as a beam detector, an 
X-ray source 2 as a beam source, a control unit 3 which 
together with an evaluation unit 4 controls a robot arm 5, and 
a table in an operating theatre, thus an operating table 6 as a 
rest surface for the object to be imaged, which in the example 
represented in FIG. 1 is a patient 7. In some embodiments, 
other beam sources and beam detectors can be applied instead 
of the X-ray source 2 and the X-ray detector 1. 
0051. The X-ray detector 1 is a digital X-ray flat detector 
and is displaceably mounted below the operating table 6 on a 
guide, but, in other embodiments, it can be connected to the 
operating table 6 in a positionally fixed manner The X-ray 
detector 1 for its movement is guided on five-fold kinematics 
which can move the X-ray detector 1 in an automated manner 
In some embodiments, the X-ray detector 1 and its guiding 
correspond to the respective components of the German 
patent application 10 2012005899.3. The X-ray detector 1 in 
particular can also be displaced such that it is located next to 
the object to be imaged. 
0.052 The X-ray source 2 emits X-ray radiation in a cone 
beam like manner about a central beam. This X-ray radiation 
penetrates the head of the patient 7 or another part of his body 
and is detected by the X-ray detector 1. A thus obtained 
two-dimensional projection recording is transferred via a 
cable 8 or also in a wireless manner to the evaluation unit 4, 
which in the represented example is a personal computer, for 
further processing. 
0053. The X-ray source 2 is fastened on the end of the 
robot arm 5, by which means the X-ray source 2 can be moved 
in an automated manner. The robot arm 5 is an arm of an 
industrial robot and is movably mounted on a floor of the 
operating theatre. In some embodiments, the robot arm 5, the 
X-ray source 2, the operating table 6 and the X-ray detector 1 
shown in FIG. 1 correspond to the respective components in 
the document DE 10 2010 018627 A1. The X-ray beamer 2 
can be moved in at least four degrees of freedom. 
0054. The robot arm 5 is controlled via the control unit 3 
and the control signals are either transferred or transmitted to 
the robot arm either via a cable 9 or in a wireless manner The 
control unit 3 for this comprises a computer program product 
with a command sequence which activates the described 
device for carrying out the method. The computer program 
product is stored on a machine-readable carrier Such as a hard 
disk, a CD or a USB Stick and comprises parts of a program 
code which activates the device as described and carries out 
the described method when the computer program product 
runs on the control unit 3. The control unit 3 corresponds to 
the personal computer which also forms the evaluation unit 4 
but can also be designed as a separate device. 
0055. A user 10 of the device, for example a surgeon or his 
assistant in the operating theatre, thus intra-operationally, 
thus during the operation on the patient 7, can view two 
dimensional projection pictures which have been taken in 
different positions of the X-ray source 2 and the X-ray detec 
tor 1, as well as three-dimensional images of a target Volume 
imaged from several positions, on a screen 11 which is con 
nected to evaluation unit 4 via the cable 38, said three-dimen 
sional images having been created by the evaluation unit 4. 
Generated volume data of the target volume of the patient 7 
can of course not only be obtained during the Surgical opera 
tion but also already before this or thereafter, by way of the 
device represented in FIG. 1 and the description described 
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hereinafter. Medical fields of application include accident 
Surgery, oral Surgery, orthodontics, facial Surgery, ortho 
paedics, neurology, urology, cardiology or emergency scans 
in the case of a polytrauma. 
0056. The control unit 3 is designed to move the X-ray 
Source 2 and the X-ray detector 1 each on a path around the 
patient 7, said path described by a polynomial of the nth 
degree. For this, the control unit 3 also computes these men 
tioned paths, usually by way of an optimisation of a defined 
path. This polynomial of the nth degree can be determined or 
set in one method step. 
0057 Thus a method can be carried out with the device 
shown in FIG. 1, with which the projection pictures of the 
patient 7 are taken from several positions. The control unit 3 
for this simultaneously moves the X-ray detector 1 and the 
X-ray source 2 into one of the positions, and the X-ray Source 
2 emits X-ray radiation in a cone-beam-like manner about a 
central beam in the direction of the patient 7 and this at least 
partly penetrates through the patient 7 and is partly absorbed, 
wherein the X-ray detector 1 detects the non-absorbed com 
ponents. The X-ray source 2 and the X-ray detector 1 are 
subsequently moved into a further position by way of the 
control unit 3, and one of the projection recordings is again 
taken. The X-ray source 2 and the X-ray detector 1 are each 
led on a polynomial movement path which in each case is 
accomplished by an optimisation of a defined path which is 
Subsequently specified in more detail hereinafter, i.e. the 
movement path of the X-ray source 2 as well as the movement 
path of the X-ray detector 1 are optimised per se. In some 
embodiment examples of course also only one of the paths 
can be polynomially optimised. The X-ray detector 1 and the 
X-ray source 2 can also be moved one after the other in further 
embodiments. 
0058 FIG. 2 in a sectioned representation of the operating 
table 6 shows a path 12 of the X-ray source 2 which runs 
chiefly above the operating table 6, and a path 13 of the X-ray 
detector 1 which mainly runs below the operating table 6. 
Recurring features are provided with the same reference 
numerals in these as well as in the following figures. The path 
12 of the X-ray source 2 describes an arc with an angle of 
opening C. of 196° which results from an arc of 180° plus a 
cone beam opening angle of Y of 16°. A middle point of the arc 
lies in a middle point 14 of the target Volume and serves as an 
origin of a reference coordinate system, so that a distance 
between this middle point 14 and the X-ray source 2 remains 
constant during the travel of the path. The path 12 of the X-ray 
source 2 runs in a plane. The path 13 of the X-ray detector 1 
runs in a curved line below the operating table 6 but has two 
side-pieces which lie next to the operating table 6 and, in as 
much as a patient 7 lies therein, also next to this patient. The 
path 13 of the X-ray detector 1 likewise runs in a planar 
manner in a plane, wherein the plane of this path is identical 
to the plane 12 of the X-ray source 2. The X-ray detector 1 
instead of on the path 13 shown in FIG. 2 can also be led on an 
arched path around the patient 7, wherein a distance between 
the X-ray detector 1 and the middle point 14 of the target 
Volume is constant. The origin of the reference coordinate 
system can however lie centrally on the operating table 6 in 
further embodiment examples. 
0059 Starting from the planar recording path 12 of the 
X-ray source 2, along which the X-ray Source 2 is moved into 
several positions for recording the projection pictures, the 
movement path 13 of the X-ray detector 1 can be modified in 
an optimisation method and be described by a polynomial 
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function of the nth degree. The polynomial path runs around 
the patient 7 with the target volume and also around the 
operating table 6. The polynomial is defined in a manner Such 
that on the one hand a safety distance to the operating table 6 
or other apparatus of the operating theatre or persons in the 
operating theatre is ensured, and on the other hand that an a 
Small as possible distance to the object on the operating table 
6, thus to the patient 7 is present. This is effected in the same 
manner for the X-ray beamer 2. The distance between the 
X-ray source 2 and the X-ray detector 1 in the ideal case is 
minimised to Such an extent that it just about corresponds to 
the safety distance which is to be maintained between the 
mentioned devices and the operating table or the patient 7 or 
other apparatus and persons. 
0060. The already adapted path 13 of the X-ray detector 1 
as well as the initial path 12 and an adapted polynomial path 
18 of the X-ray source 2 through individual ones of the 
moved-to positions are represented in FIG. 3 in the reference 
coordinate system. The patient 7 lies on the operating table 6. 
The middle point 14 of the drawn coordinate system coin 
cides with the middle point of the target volume of the patient 
7 as the object to be imaged. As is represented in FIG. 1, the 
target volume can be the head. The middle or centre point of 
the target Volume can thereby be a geometric middle point as 
well as a centre of mass. The path 13 of the X-ray detector 1 
is already optimised by a computation of the path 13 which is 
carried out by the control unit 3 and starts with the drawn 
position 15 of the X-ray detector 1 at the right of the patient 7. 
The X-ray detector 1 is led along the path 13 via a middle 
position 16 below the patient 7 into an end position 17 on the 
left next to the patient 7. The path 13 runs symmetrically to 
the middle position 16. The original path 12 of the X-ray 
Source 2 before the optimisation is represented by positions in 
FIG. 3 which are indicated by crosses. The polynomial path 
18 which is obtained after the optimisation is characterised by 
points. The paths 12 and 18 are the same in a middle part 
above the operating table 6, otherwise the positions of the 
path 18 lie closer to the operating table 6 than the correspond 
ing positions of the path 12. The evaluation of the polynomial 
functions can be effected via suitable grid points, in the 
present example via the positions of the path 18 which coin 
cide with positions of the original path 12, and/or via a direct 
optimisation of the polynomial movement path, i.e. an opti 
misation without the specification of grid points, whilst tak 
ing into account the specified safety distance to the operating 
table 6 and to the patient 7. These grid points are specified in 
a separate method step and are taken into account on com 
puting the path. In some embodiments, the X-ray detector 1 as 
well as the X-ray source 2 maintains the safety distance to the 
object to be imaged, wherein the safety distance between the 
X-ray Source and the object to be imaged can be larger, 
smaller or the same as the safety distance between the X-ray 
detector and the object to be imaged. 
0061 The polynomial which is used for optimisation can 
comprise only even powers or, only odd powers or both types 
of powers. An example for an optimised polynomial of the 6th 
degree as a polynomial resulting from the optimisation for the 
path 13 of the X-ray detector 1 is 

=9.805256*10-15 x8+1.150705*108 x -1. 
1OO97:10:2-200 

0062 Hereby, the grid points for the path 13 of the X-ray 
detector 1 (0,-200), (-200,-225), (200, -225), (-375, -100) 
(375, -100), (-475,250) and (475, 259) were hereby used in 
the coordinate system drawn in FIG. 3. The origin of the 
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reference coordinate system is thereby located in the middle 
of a surface of the operating table 6. The safety distance of the 
X-ray detector 1 in the embodiment example shown in FIG.3 
is 80 mm, but can also be greater or Smaller depending on the 
situation. 
0063 A maximal height of the polynomial movement 
paths 13 and 18 of the X-ray source 2 and of the X-ray 
detector 1 is determined by the maximal opening angle C. and 
the position of the target volume: The starting point 15 and the 
end point 17 of the path 13 of the X-ray detector 1 result as 
intersection points of the central beams 19 and 20 which run 
through the middle point 14 and which the X-ray source 2 
emits in a starting point 22 of the path 18 or the path 12 and an 
endpoint 21 of the path 18 or the path 12, with the optimised 
movement path of the X-ray detector 1. 
0064. However, the starting point 15 and the end point 17 
can be reduced in height due to a possibly set working region 
(for example when using the arrangement applied in the Ger 
man application 10 2012 005 899.3). The maximal opening 
angle C. and the starting point 22 and the end point 21 can be 
adapted accordingly if necessary. In some embodiments, the 
maximal opening angle which is to beachieved can also be set 
and an adaptation be effected assuming Such. 
0065. The path 18 is represented as a continuous path in 
FIG.4, in a manner corresponding to the picture 3. A distance 
of the X-ray source 2 to the middle point 14 was adapted for 
the optimised polynomial path 18 in a manner Such that a 
distance along the central beam between the X-ray Source 2 
and the X-ray detector 1 which are always opposite one 
another in the course of the paths shown in FIG. 4, is always 
constant. Alternately, in further embodiment examples, a dis 
tance between the X-ray source 2 and the middle point 14 or 
a Surface of the target Volume can also be constant. In some 
embodiments, a variable distance of the X-ray source 2 to the 
X-ray detector 1 or to the middle point 14 or to the surface of 
the target Volume can also be provided, in order to avoid 
collisions with other apparatus for example. 
0066. Likewise, an alignment of the X-ray detector 1 can 
be effected orthogonally to the central beam of the X-ray 
source 2, as is also represented in FIG. 4. However, in further 
embodiment examples, the polynomial movement path 13 of 
the X-ray path detector 1 can run as closely as possible to the 
patient 7 or to the operating table 6. The distance of the 
polynomial movement path to the operating table 6 and/or to 
the patent 7 can be reduced further by way of oblique projec 
tion recordings by way of this. The polynomial movement 
paths 13 and 18 are defined with respect to a centre of a picture 
plane of the X-ray detector 1. 
0067 FIG. 5 in a view corresponding to FIG. 2 represents 
the obtained optimised paths 13 and 18 which are represented 
in FIG. 4, together with the opening angle C. 
0068. As shown in FIG. 6 in a perspective view, a displace 
ment d in the longitudinal direction of the operating table 6 
can be effected additionally to the lateral deflection of the 
X-ray detector 1 to the left and right of the operating table 6, 
also by way of the device described in the German patent 
application 10 2012 005 899.3 Alength of this displacement 
in FIG. 6 is 300mm, In some embodiments, the kinematics of 
the X-ray detector 1 can displace this by maximally 250 mm 
beyond the table edge of the operating table 6, which also sets 
the maximal opening angle C. 
0069. The X-ray detector 1 alternatively or, as in FIG. 6, 
additionally to this longitudinal displacement, carries out a 
movement on a path 23, with which a starting point 24 and an 
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endpoint 25 although lying on the same side of the operating 
table 6, however lie spatially offset to one another by the 
amount of the longitudinal displacement. Lying opposite 
these points 24, 25 is a reversal point 26, at which the X-ray 
detector 1 on the path 23 undergoes a direction change of the 
movement. Accordingly, two middle positions 34, 35 of the 
movement 23, in which positions the X-ray detector 1 is 
located closest to the target Volume and which lie spatially 
offset to one another also exist. The X-ray detector 1 thus 
during the picture recording procedure moves on the polyno 
mial path 23 from one side of the patient 7 to the opposite side 
and back again. The X-ray detector 1 is displaced in the 
longitudinal direction of the operating table 6 simultaneously 
to this movement. Generally, the beam detector 1 as well as 
the beam source 2 can be moved about at least two axes, 
wherein these movements can be linear movements as well as 
rotation movements and infinite combinations. In some 
embodiments, the two axes here are perpendicular to one 
another, but also, in further embodiment examples, infinite 
geometric arrangements of the two axes to one another can be 
used. 

0070 The X-ray source 2 likewise moves on a polynomial 
path 27 which, since the X-ray source 2 and the X-ray detector 
1 lie opposite one another during their movement, likewise 
has a starting point 28 and an end point 29 which is spatially 
offset to this starting point 28, along alongitudinal axis of the 
operating table 6 thus a longest axis of the operating table 6. 
A reversal point 30 is located opposite these points 28 and 29 
on the other side of the operating table 30. 
0071. The longitudinal displacement has its minimal or 
maximal deflection on a stretch between the starting point 24 
and the first middle point 34 or between the second middle 
point 35 and an end point 25 of the path 23 of the X-ray 
detector 1. In some embodiments, the deflection can be 
designed in a variable manner on these sections, so that the 
deflection on a section between the starting point 24 and the 
reversal point 26 or between the reversal point 26 and the end 
point 25 is continuously increased for example. 
0072. In some embodiments, shown in FIG. 6, the deflec 
tion of the X-ray detector 1 is continuously changed on a 
stretch between the first middle point and the reversal point 26 
or between the reversal point 26 and the second middle point. 
For this, the deflection is changed according to the math 
ematical function d=0.5*d, *cos(C(0.5*C)) wherein a, 
corresponds to the current angular position of the X-ray 
Source 2 on its movement path 27 with the opening angle C. 
and d characterizing the maximal deflection. Further 
courses are however also possible. Thus the movement path 
23 can be defined by a mathematic function in Cartesian 
coordinates, cylinder coordinates or sphere coordinates, not 
only on the mentioned sections, but also on a complete stretch 
(section) between the starting point 24 and the reversal point 
26 and/or on a complete stretch between the reversal point 26 
and the end point 25. 
0073. In FIG. 6, the X-ray source is inclined in the oppo 
site direction about the opening angle B in dependence on the 
longitudinal displacement d of the X-ray detector 1, so that 
the central beam is always directed onto the X-ray detector 1. 
The inclination B is computed according to the detector 
deflection, in a manner Such that a beamed sensor Surface of 
the X-ray detector 1 becomes maximal with a fixed cone 
beam opening angley. The inclination hereby corresponds to 
a maximal angle between a first middle position 36 and a 
second middle position 37 of the path 27. The middle posi 
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tions 36, 37 of the path 27 hereby lie directly opposite the 
middle positions 34, 35 of the path 23. Alternatively or addi 
tionally, a complete imaging of a predefined Volume size on 
the sensor Surface can be a condition for the computation of 
the inclination f3. Thus the inclination B of the X-ray source 2 
is maximal in the middle positions 34, 35 of the path 23, in the 
embodiment example shown in FIG. 6. The distance can also 
be adapted by way of the inclination f3 as already described, 
i.e. a constant distance between the X-ray source 2 and the 
X-ray detector 1 for example can be set at each position, in 
which a projection recording is made. 
0074 That which has been stated with regard to the path of 
the X-ray detector 1 applies in the same manner to the path 27 
of the X-ray source 2. 
0075 FIG. 7 in a perspective view corresponding to FIG. 
1 represents the movement paths 23 and 27 together with the 
robot arm, 5, the patient 7 and the X-ray detector 1. The 
movement paths 23 and 27 are likewise reproduced in FIG. 8 
in representation corresponding to FIG. 2. 
0076. A lateral view of FIG. 8 is shown in FIG. 9, from 
which the displacement in the longitudinal direction of the 
path 23 of the X-ray detector 1 as well as the inclination B of 
the X-ray source together with its path 27 can be deduced. 
FIG. 10 in a lateral view of the device with the movement 
paths shown in FIGS. 8 and 9 shows how the X-ray source 2 
is can be moved and inclined on its path by way of the robot 
arm 5. Moreover, the path 23 of the X-ray detector 1 is drawn. 
The paths 23 and 27 are open, thus each have a starting point 
and an end point which are not the same, and these paths do 
not completely enclose the patient 7. 
0077. In further embodiment examples, one of the move 
ment paths of the X-ray source 2 and of the X-ray detector 1 
or also both movement paths can be rowed or linked together 
several times. In this case, several reversal points are used 
between the respective starting points and end points. 
0078. The complete picture recording path or the both 
picture recording paths alternatively or additionally can be 
rotated about the target volume or the patient 7 and the oper 
ating table 6. 
007.9 FIG. 11 shows a sectioned view of the operating 
table 6, with which a box-like safety region 31 which is taken 
into account on determining the polynomial displacement, is 
drawn around the patient 7. As a condition, one applies the 
fact that a housing of the X-ray source 2 and/or of the X-ray 
detector 1 must always be at least 80 mm from the operating 
table 6 and from the patient 7. A working region32 as a further 
condition for the polynomial movement path of the X-ray 
detector 1 is also specified. This working region 32 takes into 
account a maximal distance to the patient 7 and/or a working 
region of kinematics for moving the X-ray detector 1. The 
working region 32 hereby describes the positions laterally 
and below the operating table 6, into which the X-ray detector 
1 can be moved. 
0080 FIG. 12 finally in a representation corresponding to 
FIG. 2 represents a further possibility of an initial path 33 for 
the optimisation of the path of the X-ray detector 1. A path 33 
consisting of individual linear sections is used instead of an 
arched path. A middle section below the operating table 6 runs 
parallel to a Surface of the operating table 6. Angled, again 
linear running part-stretches are used Subsequently to this 
middle part, for the completion of the path. 
0081 Features of the various embodiments and which 
have only been disclosed in the embodiment examples can be 
combined with one another and claimed individually. 
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LIST OF REFERENCE NUMERALS 

I0082 1 X-ray detector 
I0083 2 X-ray source 
0084 3 control unit 
0085 4 evaluation unit 
0086 5 robot arm 
I0087. 6 operating table 
I0088 7 patient 
0089) 8 cable 
0090 9 cable 
0.091 10 user 
0092 11 screen 
0093. 12 path 
(0094) 13 polynomial path 
(0095 14 middle point 
(0096 15 starting position 
(0097. 16 middle position 
(0098. 17 end position 
(0099. 18 polynomial path 
0100 19 central beam 
0101. 20 central beam 
0102 21 end point 
0103 22 starting point 
0104 23 polynomial path 
0105 24 starting point 
0106 25 end point 
0107 26 reversal point 
0108. 27 polynomial path 
01.09 28 starting point 
0110 29 end point 
0111] 30 reversal point 
0112 31 safety region 
0113 32 working region 
0114 33 path 
0115 34 middle position 
0116 35 middle position 
0117 36 middle position 
0118 37 middle position 
0119) 38 cable 
1.-10. (canceled) 
11. A method for recording projection pictures of an object 

to be imaged by way of an imaging device that comprises a 
beam source, a beam detector, and a control unit, the method 
comprising: 
moving the beam source by the control unit on a path into 

several positions, in which in each of the several posi 
tions a beam departing from the beam source is emitted 
in a cone-beam-shape about a central beam; 

moving the beam detector, with the displacement of the 
beam source, by the control unit into several positions, in 
which in each of the several positions the beam which 
departs from the beam source and penetrates the object 
to be imaged is captured for recording a projection pic 
ture; 

wherein at least one of the beam source and the beam 
detector are displaced on a path about the object to be 
imaged, the path being described by a polynomial of the 
nth degree and computed by the control unit by way of 
an optimisation of a predefined path, and with at least 
one of a constant distance between the beam source and 
the beam detector, the distance determined along the 
central beam, and a constant distance between the beam 
Source and the object to be imaged, the distance deter 
mined along the central beam, wherein the polynomial is 
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selected such that a safety distance to the object to be 
imaged is maintained and, simultaneously, a distance 
between the beam detectorand the object to be imaged is 
minimised. 

12. The method according to claim 11, wherein the poly 
nomial is defined by at least two grid points and is determined 
by Way of at least one of an optimisation while taking into 
account the grid points and an optimisation of a predefined 
circular path. 

13. The method according to claim 11, wherein a maximal 
height of the path of the beam detector is determined by a 
maximal opening angle (C) of the path of the beam source, the 
opening angle being determined by departing from a middle 
point of the object to be imaged, and wherein a starting point 
and an endpoint of the path of the beam detector lies opposite 
a starting point and an endpoint of the path of the beam source 
along the central beam running through the middle point of 
the object to be imaged. 

14. The method according to claim 11, wherein the path of 
the movement of at least one of the beam source and the beam 
detector is at least one of open and has at least one reversal 
point, in which a direction change takes place, and wherein a 
first path section up to the reversal point is spatially different 
to a second path section from the reversal point. 

15. The method according to claim 11, wherein at least one 
of the beam detector and the beam source is moved in relation 
to at least two axes which are perpendicular to one another. 

16. The method according to claim 11, wherein an inclina 
tion (B) of the beam source is set such that a beamed surface 
of the beam detector is maximised at a fixed angle of the cone 
beam. 

17. The method according to claim 11, wherein at least one 
of the movements of the beam source and of the beam detector 
is carried out in an automated manner by way of the control 
un1t. 
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18. The method according to claim 11, wherein an evalu 
ation unit computes a three-dimensional reconstruction of the 
object to be imaged, from the projection pictures. 

19. A computer program product stored on a non-transitory 
machine-readable medium and executed on a computation 
unit, the computer program product comprising a command 
sequence for carrying out the method according to claim 11, 
when executed on the computation unit. 

20. A device for recording projection pictures of an object 
to be imaged, the device comprising: 

a beam source configured to emit radiation in a cone-beam 
shape about a central beam; 

a beam detector configured to capture emitted radiation 
penetrating the object to be imaged; and 

a control unit configured to move the beam detector and the 
beam source into several positions and to record a pro 
jection picture in each of the several positions, wherein 
the control unit is configured to move the beam source 
and the beam detector on a path about the object to be 
imaged, the path being described by a polynomial of the 
nth degree and computed by the control unit by way of 
an optimisation of a predefined path, and with at least 
one of a constant distance between the beam source and 
the beam detector, the distance determined along the 
central beam, and a constant distance between the beam 
Source and the object to be imaged, the distance deter 
mined along the central beam, wherein the polynomial 
in each case is selected such that a safety distance to the 
object to be imaged is maintained and, simultaneously, a 
distance between the beam detector and the object to be 
imaged is minimised. 
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